INTRODUCTION
============

Cancer of the cervix is the second most common cancer in women worldwide, with about 500 000 new cases and 250 000 deaths each year.^[@r01]^ Almost 80% of cases occur in low-income countries.^[@r01]^ Although a vaccine against the human papillomavirus (HPV) effectively prevents human papillomavirus infection and thus reduces the risk of cervical cancer by around 70%,^[@r02]^ about 30% will still develop cervical cancer.

In some countries, including the United States and the United Kingdom, the cervical cancer screening rate is roughly 80%; however, in Japan it is only 25%.^[@r03]^ Of particular concern, the screening rate for women aged 20--29 years is less than 10%.^[@r04]^ Further, the incidence of cervical cancer among this 20- to 29-year age group has recently been increasing dramatically.^[@r05]^ Finding ways to improve the screening rates among this younger generation has been seen as a critical national health problem.

In Japan, it is recommended that women start receiving cervical cancer screening at age 20, to be repeated every 2 years. Even if women skip a screening test in the appropriate second year, they can still undergo a screening test the following year. The local government covers part of the screening costs, and the participant pays the rest, which usually amounts to ¥500 to ¥2000 (approximately \$5 to \$20 in United States' dollars \[USD\]). In 2009, a free-coupon program for screening for cervical and breast cancers was introduced in Japan as a national policy. In this program, a coupon or voucher for a free cervical cancer screening was sent by mail to women aged 20, 25, 30, 35, and 40. The program costs were covered by local governments, with financial support from the national government. Because this free-coupon program was terminated at the end of 2013, all citizens aged 20--44 years in Toyonaka had received a free-coupon only once between 2009 and 2013. A woman aged 20 in 2009, for example, would have received a free-coupon screening in 2009 and undergone a regular screening in 2011 and 2013.

There is an evidence gap as to whether removal of out-of-pocket costs and receipt of an individual invitation letter would be effective for increasing the cervical cancer screening rate, especially in Asia.^[@r06]--[@r09]^ However, the reason for this inconsistency is unclear.

Toyonaka is an urban city located in Osaka prefecture. In October 2013, Toyonaka had an area of 38.6 km^2^ and a population of 394 004. Toyonaka is officially acknowledged by the national government of Japan as a core city. In the present study, we evaluated the effectiveness of the free-coupon program in improving cervical cancer screening rates among the younger population of Toyonaka.

It was recently reported that removal of out-of-pocket costs for cervical cancer screening was an effective means of increasing the screening attendance of eligible women.^[@r06]^ In the present study, we analyzed for the first time the effects of the free-coupon on the screening rate not only for the eligible women but also for the coupon-ineligible women, as well as the results of the screening tests and the consecutive screening rates following the free-coupon screening.

MATERIALS AND METHODS
=====================

The personal screening information of all female residents aged 20--49 in Toyonaka, including screening history and test results since 2009 (when the registration system was renewed and the free-coupon program was started), was available at an individual level. Only the screening rates aggregated by age groups of 20--24, 25--29, 30--34, 35--39, and 40--44 years were recorded for the year 2008. In Toyonaka, participants in the regular cervical cancer screening program typically paid ¥600 (about \$6 USD) for a standard cervical cancer screening.

The rate of cervical cancer screening among the young generation of women (defined here as women aged 20--44 years) for each year between 2009 and 2012 was analyzed. During the period from 2009 to 2012, a free-coupon program was conducted for women at 5-year age intervals, beginning at the recommended starting age of 20 years (ie, ages 20, 25, 30, 35, and 40 years). These screening rates were compared to that of each age group during the index year of 2008, which was just prior to the start of the free-coupon program. A comparison of the rates for those requiring further diagnostic workups and for cancer detections between the free-coupon and regular screening programs was also conducted. The screening histories of the free-coupon group and regular screening program group were analyzed for changes in consecutive screening rates and any links between those rates and the screening sites where the previous screening was performed.

This study was approved by the Institutional Review Board and the Ethics Committee of the Osaka University Hospital.

Statistical analysis
--------------------

MedCalc software (MedCalc Software, Mariakerke, Belgium) was used for the statistical analysis. Increases in the screening rate for each age or age group were evaluated by the logistic regression model. Differences in the rates of further diagnostic workups and cancer detection between the free-coupon group and the regular screening group were evaluated using Fisher's exact test. Differences in consecutive screening rates between a free-coupon group and a regular screening group and between screening sites were also evaluated using Fisher's exact test. Results were considered to be significant when the *P*-value was less than 0.05.

RESULTS
=======

Effect of a free-coupon on young women's participation in cervical cancer screening
-----------------------------------------------------------------------------------

[Figure](#fig01){ref-type="fig"} and Table [1](#tbl01){ref-type="table"} show the yearly rate of cervical cancer screening for 20- to 44-year-old women between the years of 2009 and 2012, when the free-coupon program was being conducted. The screening rates for free-coupon-eligible 20-, 25-, 30-, 35-, and 40-year-old women formed peaks. Compared to screening rates in the year 2008 (prior to the free-coupon program), which were calculated for the age groups of 20--24, 25--29, 30--34, 35--39, and 40--44 years, the screening rates for the 20-, 25-, 30-, 35-, and 40-year-old women exhibited statistically significant increases (rate ratio \[RR\] 7.1, 95% confidence interval \[CI\] 5.9--8.6; RR 6.4, 95% CI 5.2--7.1; RR 3.1, 95% CI 2.9--3.3; RR 3.3, 95% CI 3.1--3.5; and RR 3.0, 95% CI 2.8--3.2, respectively; Table [2](#tbl02){ref-type="table"}). The RRs of the 20- and 25-year-olds were especially high, relative to those of the 30-, 35-, and 40-year-olds.

![The rate of cervical cancer screening in women 20 to 44 years old in Toyonaka between 2009 and 2012.](je-25-050-g001){#fig01}

###### Yearly rate of cervical cancer screening for 20- to 44-year-old women between the years of 2008 and 2012
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###### Comparison of the cervical cancer screening rate between the index year of 2008 and the free-coupon program years of 2009--2012

  Age, years   2008   2009--2012              
  ------------ ------ ------------ ---------- ----------
  20           1.4%   10.2%        7.1        5.9--8.6
  21--24       3.1%   2.2          1.8--2.6   
                                              
  25           3.3%   20.8%        6.4        5.7--7.1
  26--29       6.3%   1.9          1.7--2.2   
                                              
  30           7.8%   24.2%        3.1        2.9--3.3
  31--34       9.0%   1.2          1.1--1.2   
                                              
  35           8.0%   26.0%        3.3        3.1--3.5
  36--39       8.8%   1.1          1.1--1.2   
                                              
  40           8.0%   23.9%        3.0        2.8--3.2
  41--44       8.7%   1.1          1.0--1.2   

Effect of a free-coupon program on participation rates in cervical cancer screening by the ineligible population
----------------------------------------------------------------------------------------------------------------

Interestingly, the screening rates for the coupon-ineligible population also increased during the study period ([Figure](#fig01){ref-type="fig"}). Compared with the screening rate in 2008, the screening rates in the off years from 2009 to 2012 for the coupon-ineligible women in the 21--24, 26--29, 31--34, 36--39, and 41--44 year age groups also significantly increased at the same time that the free-coupon was sent to the eligible 20-, 25-, 30-, 35-, and 40-year-old women (Table [1](#tbl01){ref-type="table"}). The RRs for the 21--24 and 26--29 year age groups were around 2.0 (RR 2.2, 95% CI 1.8--2.6 and RR 1.9, 95% CI 1.7--2.1, respectively); however, those of the 31--34, 36--39, and 41--44 year age groups were around 1.1 (RR 1.2, 95% CI 1.1--1.2; RR 1.1, 95% CI 1.1--1.2; and RR 1.1, 95% CI 1.0--1.2; Table [2](#tbl02){ref-type="table"}).

In order to analyze the reasons for the increased screening rates observed among coupon-ineligible women, the screening history of members of the ineligible population (ie, 21-, 22-, 23-, 24-, 26-, 27-, 28-, and 29-year-old women) post-2009, when the free-coupon program started, who attended screening in 2012 (*n* = 799) was investigated (Table [3](#tbl03){ref-type="table"}). Among 799 women, excluding in-migrants, 531 (66%) had no prior history of screening, while 156 (20%) had a history of an ordinary program screening alone, and 111 (14%) had a history of a free-coupon program screening.

###### Past screening history of the population ineligible for a free coupon who received a screening in a regular local program in 2012

  --------------------------------------------------------------------------------------------------------------
  Age,\      Number screened\   Fixed domicile\   No history\    History of screening\   History of screening\
  years      (in 2012)          resident          of screening   with free-coupon        without free coupon
  ---------- ------------------ ----------------- -------------- ----------------------- -----------------------
  21         69                 65                56 (86%)       9 (14%)                 0 (0%)

  22         76                 65                56 (86%)       9 (14%)                 0 (0%)

  23         101                79                54 (68%)       19 (24%)                6 (8%)

  24         108                90                72 (80%)       0 (0%)                  18 (20%)

                                                                                         

  Subtotal   354                299               237 (80%)      37 (12%)                24 (8%)

                                                                                         

  26         133                112               81 (72%)       5 (4%)                  26 (23%)

  27         168                90                28 (31%)       40 (44%)                22 (24%)

  28         184                134               88 (66%)       29 (22%)                17 (13%)

  29         239                164               97 (59%)       0 (0%)                  67 (41%)

                                                                                         

  Subtotal   724                500               294 (59%)      74 (15%)                132 (26%)

                                                                                         

  Total      1078               799               531 (66%)      111 (14%)               156 (20%)
  --------------------------------------------------------------------------------------------------------------

Quality evaluation of cervical cancer screening in a free-coupon program
------------------------------------------------------------------------

In order to compare the characteristics of women who received a free-coupon screening and those who were screened in a regular program, the rate of further diagnostic workups and that of cancer detection were analyzed in both groups. The women aged 20, 25, 30, 35, and 40 years were all eligible for a free-coupon, so there were no women among these groups who received a regular program screening and who paid for the costs. The rates of further diagnostic workups and cancer detection during 2009 to 2012 were compared between the women aged 20, 25, 30, 35, and 40 years who received screening with a free-coupon versus those aged 21, 26, 31, 36, and 41 years who received screening in a regular paid program. The rate of requiring further diagnostic workups was 2.0% (240/11 793) in the free-coupon group and 2.3% (80/3553) in the regular program group, indicating no significant difference between the two groups (*P* = 0.43 by Fisher's exact test). The rate of cancer detection was 8.4 per 100 000 (10/11 793) in the free-coupon group and 8.9 per 100 000 (3/3553) in the regular program group, indicating no significant difference between the two groups (*P* = 1.0 by Fisher's exact test).

Rate of consecutive cervical cancer screening after a free-coupon screening
---------------------------------------------------------------------------

The screening rates of the women aged 20 and 25 years were dramatically increased by the free-coupon program ([Figure](#fig01){ref-type="fig"} and Table [1](#tbl01){ref-type="table"}). To assess whether these increased screening rates resulted in increased rates of consecutive screening, the data were analyzed regarding whether or not those women who underwent a free-coupon screening at the ages of 20 or 25 years returned for a subsequent screening. The rate of consecutive cervical cancer screening was compared between the women aged 20 and 25 years who received screening with a free-coupon in the year 2009 and those aged 21 and 26 years who received screening in a regular program in 2009.

In order to investigate the rate of consecutive screening, we excluded from analysis women who out-migrated after a free-coupon screening. In the urban city of Toyonaka, the number of out-migrants was relatively high. Among 582 women aged 20 or 25 years who received a free-coupon screening in the year 2009, 111 persons (19%) moved out of the city within 2 years (Table [4](#tbl04){ref-type="table"}). Among the 102 coupon-ineligible women aged 21 or 26 years who received a screening in a regular program in the year 2009, 20 persons (20%) moved out of the city within 2 years.

###### Rates of consecutive cervical cancer screening after a free-coupon screening and a regular screening

                            Screening number   Out-migrant within 2 years   Repeated screening within 2 years
  ------------------------- ------------------ ---------------------------- -----------------------------------
  Free coupon in 2009                                                        
   20 years old             174                19/174 (11%)                 10/152^a^ (6.5%)^b^
   25 years old             408                92/408 (23%)                 40/311^a^ (13%)^c^
   Total                    582                111/582 (19%)                50/463^a^ (11%)^d^
  Regular program in 2009                                                    
   21 years old             24                 3/24 (13%)                   7/21^a^ (33%)^b^
   26 years old             78                 17/78 (22%)                  18/61^a^ (30%)^c^
   Total                    102                20/102 (20%)                 25/82^a^ (30%)^d^

^a^Cases that required further diagnostic workups on initial screening are excluded.

^b,c,d^*P* \< 0.001 by Fisher's exact test.

After excluding the out-migrants, the continuous screening rate was analyzed. In Japan, women aged 20 years or older are invited for cervical cancer screenings at consecutive two-year intervals, with financial support from their local government. The consecutive screening rate of women aged 20 and 25 within the 2-year interval following the introduction of the free-coupon screening program in 2009 was 6.5% for the 20-year-olds (10/152) and 13% for the 25-year-olds (40/311). On the other hand, the rates of re-visits for women aged 21 or 26 years within a similar 2-year period following a screening in the regular program in the year 2009 were significantly higher: 33% for the 21-year-olds (7/21; *P* \< 0.001) and 30% for the 26-year-olds (18/61; *P* \< 0.001).

When for some reason a person does not receive a screening after a 2-year interval, she can still undergo a screening in the 3rd year with the same financial support. The consecutive screening rate of women aged 20 and 25 within the 3-year interval following the introduction of the free-coupon screening program in 2009 was 16% for the 20-year-olds (24/142) and 22% for the 25-year-olds (63/277; data not shown). On the other hand, the rates of re-visits for women aged 21 or 26 years within a similar 3-year period following screening in the regular program in the year 2009 were significantly higher: 56% for the 21-year-olds (10/18; *P* \< 0.001) and 60% for the 26-year-olds (31/52; *P* \< 0.001; data not shown).

Effect of screening site on rate of repeating cervical cancer screening
-----------------------------------------------------------------------

Next, we investigated the effect of where the screening tests were performed on the consecutive screening rate of women aged 20 or 25 years who received a free-coupon screening and that of those aged 21 or 26 years who received a screening through the regular program in 2009. There were 22 clinics and 6 screening centers where cervical screening test were provided in Toyonaka; however, only 18 of the 22 clinics participated in the 2009 program.

Interestingly, the consecutive screening rates of the 20- and 25-year-olds screened for free at clinic A within the 2-year interval was 25% (22/88), which was significantly higher than the 7% (28/375) reported from the other institutions (*P* \< 0.001; Table [5](#tbl05){ref-type="table"}). On the other hand, the consecutive screening rates for 21- and 26-year-olds after a paid screening were slightly (but not significantly) higher at clinic A than at the other screening sites (*P* = 0.11).

###### Differences in rates of consecutive screening are related to the screening sites where the previous screening was performed

                                         Clinic A         Other institutions   *P*-value
  -------------------------------------- ---------------- -------------------- -----------
  Free coupon in 2009                                                           
   Subsequent screening within 2 years   22/88 (25%)^b^   28/375^a^ (7%)^b^    \<0.001
  Ordinary program in 2009                                                      
   Subsequent screening within 2 years   13/32 (41%)^c^   12/50^a^ (24%)^c^    0.11

^a^The cases that required further diagnostic workups on initial screening were excluded.

^b^*P* \< 0.001 by Fisher's exact test.

^c^*P* = 0.07 by Fisher's exact test.

The consecutive screening rates of the 20- and 25-year-olds screened for free at clinic A within the 3-year interval was 46% (37/80), which was significantly higher than the 15% (50/339) reported from the other institutions (*P* \< 0.001; data not shown). On the other hand, the consecutive screening rates for 21- and 26-year-olds after a paid screening were slightly (but not significantly) higher at clinic A than the other screening sites (*P* = 0.07).

DISCUSSION
==========

There is a critical need to improve the rate of cervical cancer screening among younger women in Japan, as well as in many developing countries. The screening rate of women aged 20 to 29 years is still less than 10%,^[@r04]^ despite the increasing incidence of cervical cancer in this group.^[@r05]^ In addition, due to a media blitz about adverse events following HPV vaccination and a statement by the Ministry of Health, Labor, and Welfare of Japan in June 2013 regarding the suspension of an aggressive recommendation for HPV vaccination, the rate of HPV vaccination has dramatically decreased. Given these situations, the need for improvement in the cervical cancer screening rate among younger women is attracting serious attention. National and local governments therefore enacted a program in which a free cervical screening coupon was sent to 20-, 25-, 30-, 35-, and 40-year-old women to address this problem.

Although many interventions have attempted to remove some of the barriers to cervical cancer screening,^[@r10]--[@r16]^ out-of-pocket costs for screening remain a barrier to access in the United States and Japan.^[@r07]^ Recently, Tabuchi et al. demonstrated that removal of the out-of-pocket costs by providing a free-screening coupon improved cervical cancer screening participation in Japan.^[@r06]^ However, they did not analyze how the screening rate was affected for women who had out-of-pocket costs (because of ineligible age for the free screening). In the present study, the screening rates during 2009 to 2012 were shown to rise sharply among those receiving free screening compared to the rates among those of the same age during the pre-program index year of 2008, especially in the two youngest age groups studied (ie, the women aged 20 or 25; [Figure](#fig01){ref-type="fig"} and Table [1](#tbl01){ref-type="table"}). However, the screening rate among coupon-eligible women did not increase significantly between 2009 and 2012 (data not shown). This might imply a limitation of the effect of removal of out-of-pocket costs.

We demonstrated for the first time that the screening rates of the population who were paying for their screening (because they were an ineligible age) also increased significantly during the period of this program. While the rates among coupon-ineligible women did not increase as dramatically as those among coupon-eligible women, there was still a significant improvement over 2008 rates.

Possible reasons for the increased screening rates of the youngest of the free-coupon ineligible population during the free-coupon program might be an return visit for screening in a regular program 1 to 3 years after an initial free-coupon screening, or due to indirect effects of the free-coupon program, including improved education and understanding of cervical (and breast) cancer and enhanced motivation for cancer screening. Peer pressure from family, friends, and colleagues to participate in screening between members of the two groups is also likely.

The rate of repeat screening after receiving a previous free-coupon screening among the women who received a regular screening in 2012 was only 14%. This low rate of repeat screening suggests that the significant increase of screening rates seen among 21- to 24-year-old and 26- to 29-year-old women (RR 2.2 and 1.9, respectively; Table [2](#tbl02){ref-type="table"}) cannot be explained by return visits for a regular screening 1 to 3 years after initial free-coupon screening. The increased screening rates of the ineligible population after the free-coupon program started might be caused by indirect publicity effects of the free-coupon program, including improved understanding of cervical cancer and enhanced motivation for cancer screening in young women (Table [2](#tbl02){ref-type="table"}). This somewhat unexpected effect of the free-coupon program should be confirmed in the future.

It was also demonstrated that the rate of requiring a diagnostic workup and the rate of cancer detection due to the screenings were not markedly different between the free-coupon and paid screening program groups. Perhaps more importantly, it was demonstrated for the first time that the follow-up screening rates were significantly lower in the free-coupon group than in the regular screening group (Table [4](#tbl04){ref-type="table"}). This result shows that the complete removal of out-of pocket costs for cervical cancer screening dramatically inspires young women to attend an initial screening; however, it does not translate to following through for a repeat screening 2 years later. This may be a limitation of the effect of a free-coupon cervical cancer screening program. On the other hand, the women who paid some amount of money for a regular screening program were shown to have a consecutive screening than those who attended a free-coupon screening. These results suggest that the largest problem now is how to inspire women to maintain a regular schedule of subsequent screenings. Understanding why the free-coupon group failed to improve rates of consecutive screening will help in providing a solution.

Interestingly, the consecutive screening rate after a free-coupon screening varied depended on where the participants received their previous screening test. This link to the screening experience may provide a partial explanation for the lack of improvement in consecutive screening rates. In the clinic where the rate of follow-up screening was significantly higher, the doctors and staff had spent enormous time and effort to educate the patient about the importance of the screening test to detect cervical cancer; however, it is difficult to statistically compare these educational efforts with those of other institutions. Education is but a part of the screening experience. Institutional reputation, location, scheduling convenience, and waiting room and screening room ambiance all play a role in whether the patient perceives the screening experience as worth repeating. These features of the screening experience are all difficult to quantify and compare statistically.

The Community Preventive Services Task Force demonstrated effectiveness of removal of out-of-pocket costs for breast cancer screening in increasing screening rates for breast cancer; however, evidence with respect to improving cervical cancer screening rates was insufficient.^[@r17]^ The present study provided some evidence that a free-coupon program is also effective in improving cervical cancer screening rates.

In the present study, the effects of a free-coupon program on the screening rate of both eligible and ineligible women, the rates of requiring further diagnostic workups and cancer detection of a free-coupon screening, and the consecutive screening rate following a free-coupon screening in Toyonaka were analyzed. However, data from only one urban city were analyzed, which is a limitation of the present study. A larger, nation-wide study is necessary to confirm our findings.
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